Melanin, the main photoreceptor in living organics, is largely abundant in pigmented hair tissues. Its promising properties have been widely studied in order to fully explore the corresponding applications. However, the photodegradating and aggregating natures of melanin, to some extent, restrict the development of this eco-friendly biomaterial. This study is conducted to overcome both disadvantages by a mature method that coating the original melanin nanoparticles with silica as shells. The results revealed that the aggregation of the melanin/silica nanoparticles (MSNP) was decreased obviously by a 5 h coating and appeared a uniformly mono-dispersed solution. The MSNP that coated for 20 h provided an efficient protection on the photodegradation of the melanin with a 50% maintenance of the melanin content compared with 16% of original melanin and 2% of MSNP-5 h.
Introduction
Melanin is a general term of the ubiquitous biopolymeric pigment in living organisms [1] . Its intriguing characteristics and potential opportunities in many fields have drawn much attention from the scientists since a long time [1] [2] [3] . The advantages of melanin include photoprotector, free radical scavenger, metal ion stabilizer and electronic-ionic hybrid conductor [4] [5] [6] [7] . Correspondingly, melanin can be potentially applied to biomedicine, cosmetics, energy and surface modification [8] [9] [10] . Nevertheless, despite decades of in-vestigation, melanin is still regarded as a mysterious material due to the differential origins, complex synthetic pathways and inhomogeneous structures [11] .
The unwished traits of melanin such as insolubility, photodegradation and aggregation also restrict the pace of fundamental research and practical applications [6] [12] [13] .
Zareba et al. (2006) found that illumination could affect melanin from many aspects, such as destroy the morphologies of the melanin particles, reduce the pigment content to induce an irreversible photobleaching, and inhibit its antioxidant properties [14] . It is proved that solar irradiation with the existence of oxygen can lead to the oxidation of the hydroquinone-based units of melanin, resulting in a ring opening reaction and a reduction of its functional groups [15] .
Melanin is thus photodegraded with deteriorated properties. The irradiation on melanin also causes the generation of harmful free radicals, one of them is the reactive oxygen species (ROS), which could lead to DNA damage in the organism or react with other substances [16] . Surprisingly, the aggregate behaviour of melanin, at this stage, plays a crucial role in gathering a large number of melanin radicals to scavenge those photoinduced ROS [17] . However, one concern is that the increase of melanin aggregation could lead to some age-related photochemistry changes [18] . Moreover, Kim et al. (2013) found that the aggregation can lower its optical absorbing ability which influenced the efficiency of the melanin-based energy storage device [8] . Therefore, proper melanin modifications are needed to overcome these limitations.
In this study, the Stöber method [19] was introduced to modify the naturally extracted melanin particles with silica, and the mono-dispersed core-shell melanin/silica structure was achieved. The silica coated melanin with different ageing duration was characterized and the effect of the coated melanin under irradiation was studied. Results showed that the melanin/silica nanoparticles (MSNP) have successfully prevented the particle aggregation, improved the particle dispersity in water and organic solutions, and enhanced the optical absorbing ability. The photodegradation of MSNP-20 h solution has been dramatically slowed down with the aid of the completed silica shell and presented a uniformly descendant degradation rate.
To our knowledge, this is the first time when melanin is modified on the basis of keeping its original structure, and the prevention of its photodegradation, particle aggregation and deposition were realized at the same time. Hence, this work, to some extent, may open up a new perspective on the basic research of melanin and expand its potential applications.
Materials and Experiments

Materials
Brown alpaca fibres were collected from Australia pasture and were thoroughly 
Melanin Extraction
The extraction method was conducted using the reported acid hydrolysis method [2] . Typically, 2 g of the brown fibres were mixed with 20 mL of HCl (1%) in a round-bottom flask and stirred for 5 min to remove the water-soluble components. After centrifugation, the precipitates were immersed in 80 mL of 32% HCl and heated at 100˚C in an oil bath with mechanical stirring for 3 h.
The precipitates were then washed with deionized water and centrifuged at 4000 rpm for 5 min repeatedly until the neutral pH of the suspension was approached.
The supernatant was removed and the samples were vacuum dried at room temperature in the dark.
Preparation of Melanin/Silica Nanoparticles (MSNP)
The silica coating (SC) method was employed as described in the previous work [20] . Specifically, 10 mg of the melanin was dispersed uniformly in 1.5 mL of distilled water and 1.5 mL of ethanol. 0.4 mL of ammonia was mixed in 6 mL ethanol and poured into the melanin solution. After mechanical stirring for 10 min, a mixture of 0.05 mL of TEOS and 2 mL of ethanol was added dropwise.
The final products were obtained after different stirring duration (5 h and 20 h) and were then washed with deionized water for three times, followed by drying at room temperature in the dark.
Characterizations
The core-shell structures of MSCP before and after SC were examined on a JEOL 
Results and Discussion
Characterizations of the MSNP
The morphologies of the original melanin and MSNP are shown in Figure 1 . Journal of Materials Science and Chemical Engineering The original melanin particles exhibit round or elliptical shapes with distinct sizes, which is inconsistent with the extracted melanin from other mammal's hair samples in previous research [21] [22]. It can be seen that the particle surface is cratered instead of smooth which is due to the special bio-synthetic pathway and inhomogeneous nature of melanin that polymerizing the oligomers with a variety of units through different of bonds, such as π-stacking interactions [23] . Figure 1(b) of the MSNP-5 h barely changes compare with the original melanin in addition to the appearance of the exotic substances, meaning the formation of the silica shell outside melanin particles. The particles also seem to be separated apart from each other at this stage. When the coating duration reached 20 h, a conspicuous melanin core and silica shell structure was obtained (as shown in Figure 1(c) ). The formation of the silica shell was slowly, continuously and evenly owing to the well-studied Stöber method. Specifically, the addition of ammonia assists the synthesis of silica from TEOS, and the NH 4 + that adsorbs onto melanin helps to get a positively charged surface so that the hydrogen bond could be formed between 4 NH + and the OH − of silica. Then, the continuous hydrolysis and condensation reactions took place in this alkali system, thereby achieving a uniform silica layer outside the melanin particles [24] . DLS measurement exhibits the distribution of the three particles in aqueous solutions (Figure 2) . Apparently, the DLS result shows that original melanin is very easy to get serious particle aggregation, as described in previous study [25] . However, a 5h coating can largely decrease the aggregation of melanin, showing a particle size distribution from 200 to 1000 nm and an average size of 480 nm which is consistent with the TEM result (Figure 1(b) ). The average particle size of MSNP-20 h becomes 530 nm with a 20 h coating. The increase contributes to the growing of the silica shell thickness and may imply the average shell thickness is around 25 nm (Figure 1(c) ). The photo of solutions of MSNP-5 h and MSNP-20 h after standing overnight demonstrate again the welldispersity of melanin solution (inset of Figure 2) .
The typical UV-Vis spectra of melanin can be obtained from the MSNP solution (Figure 3(a) ) [26] and the UV-Vis spectrum of MSNP-20 h shows an increasing UV absorbing ability compared with the original melanin and MSNP-5 h at the same concentration, which probably owing to the reduced particle aggregating phenomenon that enhanced the overall particle surface area and solution dispersity [27] .
The representative functional groups in the FTIR spectrum of the original melanin coincides well with the reported work (Figure 3(b) ) [28] [29], including Journal of Materials Science and Chemical Engineering . Especially, a strong peak at around 1070 cm −1 refers linearsilica structure (Si-O-Si), a weak peak at 796 cm −1 represents the network of silica [30] , and a gentle slope at around 1220 cm −1 indicates the unreacted TEOS residues [31] .
Photodegradation of the MSNP
It has been proved that coated with silica shell could inhibit the photocatalytic activity of the core material from irradiation to some extent [20] [32]. Therefore, the photoprotective effect of the SC on melanin particles is studied. The degradation trends of each melanin sample with increasing dose of simulated solar irradiation are shown in Figure 4 . The A/A 0 refers to the ratio of the absorption after specific irradiation duration to the initial absorption at the wavelength of 500 nm. It can be seen that all of the three samples showed an overall downtrend after irradiation.
Specifically, the original melanin has barely degraded for the first 10 h irradiation. This probably caused by the severe aggregation of the melanin particles in the solution that slowed down the photo-induced impact on thesingle particle.
On the contrary, a serious photodegradation (30%) of the MSNP-5 h took place at the first 10 h. In terms of the DLS tests, MSNP-5 h has already resulted in a great improvement of particle aggregation compared with the original melanin, but the TEM images and UV-Vis spectra indicated that the silica shell could not be fully formed for a 5 h coating. Therefore, the overall degradation trend of the aggregated original melanin is slower than the well separated but uncompleted MSNP-5 h. Notably, the MSNP-20 h showed a linearly degrading rate, and is much slower than the other solutions after irradiation for 30 h. This may owe to the uniformly dispersed MSNP that could absorb the light evenly, causing the 
Conclusion
In this study, silica coating (SC) method has been successfully applied to natural melanin nanoparticles that extracted from pigmented alpaca fibers. The silica shell is formed outside of the melanin particle surface slowly and uniformly, leading to an improved particle aggregation and solution dispersity. The melanin/silica nanoparticles (MSNP) that coated for 20 h efficiently inhibited the photodegradation phenomenon. 50% of the melanin could be maintained after an 80 h irradiation when the melanin content in other samples only remained less than 20%.
In light of this fundamental research on the modification of melanin nanoparticles and the achievement of mono-dispersed melanin solution, more possibilities could be addressed by applying this environmentally benign biomaterial to multiple areas and realize its practical applications.
